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METHOD OF FABRICATING MODULE
HAVING STACKED CHIP SCALE
SEMICONDUCTOR PACKAGES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Divisional of co-pending U.S. appli-
cation Ser. No. 11/424,480 filed Jun. 15, 2006, which claims
priority from U.S. Provisional Application No. 60/693,033

filed Jun. 20, 2005, which 1s incorporated herein by reference.

This application is related to U.S. application Ser. No.
11/395,529 now U.S. Pat. No. 7,372,141, U.S. application
Ser. No. 11/397,0277, and U.S. application Ser. No. 11/394,
635; all filed Mar. 31, 2006. Each of the said related applica-

tions 1s hereby mcorporated herein by reference.

BACKGROUND

This invention relates to semiconductor packaging.

Portable electronic products such as mobile phones,
mobile computing, and various consumer products require
higher semiconductor functionality and performance in a lim-
ited footprint and minimal thickness and weight at the lowest
cost. This has driven the industry to increase integration on
the mdividual semiconductor chips, and also to implement
integration on the “z-axis,” that 1s, by stacking chips or by
stacking die packages to form a stacked package assembly
(stacked multi-package module).

Stacked package assemblies are employed 1n applications
in which there 1s a need to provide a high degree of functional
integration 1n an assembly having a minimal footprint and
thickness. Portable telecommunications devices such as cel-
lular telephones are an example of such applications, particu-
larly where the telecommunications device includes, for
example, capabilities for capture and display or play of
images, audio or video.

Examples of functions that may desirably be integrated

include devices for: various processes, including digital sig-
nal (DSP), ASIC, graphics (GPU); various memories, includ-

ing Flash (NAND), Flash (NOR), SRAM, DRAM, MRAM;
image and video capture, including optical sensor with
memory; micro-electro-mechanical systems (MEMS) with
processor and memory.

The z-interconnect between packages 1n a stacked package
assembly 1s a critical technology from the standpoint of
manufacturability, design tlexibility and cost. Stacked pack-
age assemblies integrate chips and packages by stacking and
clectrically interconnecting them 1n the z-direction using wire
bonds, or solder balls, or flip chip interconnection.

Stacked packages can provide numerous advantages. Par-
ticularly, each die or more than one die can be packaged 1n a
respective package in the stack using the most efficient first
level interconnect technology for the chip type and configu-
ration, such as wire bonding or thp chip, to maximize perior-
mance and minimize cost.

It 1s desirable to be able to electrically test the stacked
components (die or packages), so that the component can be
rejected unless 1t shows satisfactory performance, before the
packages are stacked. This permits maximizing the yield of
the final stacked package assembly. To realize this advantage
in practice, the packages must be configured to be testable
using established test infrastructure. Generally, testing pack-
aged die 1s preferable to testing individual die, as testing
individual die canresult in damage to interconnection pads on

the die.
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Often, the manufacturer of a product (particularly for
example where the product 1s a portable communications
device such as a cellular phone) determines the dimensions of
a space 1n which the assembly must fit. That, 1s the manufac-
turer will demand that an assembly having specified function-
alities have an overall footprint (length and width) and thick-
ness within particular specifications. Presented with such
limitations, the designer must, within cost limitations, be able
to select packages and a stacking design and process that meet
the demands for functionality within the limitations of thick-
ness and footprint.

Accordingly, 1t 1s desirable to choose a multi-package stack
structure and stacking process that provides design flexibility
for the function designer. Particularly, for example, the
designer should have flexibility, without having to redesign
the structure or the process: to choose packages or chips from
any of a variety of available vendors, to mimimize component
cost; to make changes 1n chip or package types within the
assembly, to avoid having to re-quality a changed assembly;
and to complete the assembly stacking process at the final
product stage on the surface mount assembly floor, to enable
product configurations demanded by the market in the short-
est practical time-to-market.

Meeting rapidly changing market demands can present
challenges. For example, the general timeframe for designing
a consumer device such as a cellular phone 1s typically longer
than the timeframe for market shifts. A perception may
develop 1n the industry that a particular functionality 1s desir-
able 1n a consumer device (e.g., web browsing functionality in
a cellular phone), and designers may build that functionality
into the assemblies; then within a short time 1t may become
evident that the demand in the marketplace 1s not as had been
percerved, and it may be desirable to remove that functional-
ity or to present 1t 1n the marketplace as an option. Accord-
ingly, 1t 1s desirable to be able to configure the device “on the
fly”’, that 1s, to add or remove functionalities 1n a device
without having to redesign the entire assembly.

It1s desirable also to be able to stack off-the-shelf packaged
chips, such as for example memory (Flash, SRAM, DRAM),
over other packages in the assembly, using surface mount
assembly methods emploved 1n the industry for assembling
products such as mobile communications devices (e.g., cel-
lular phones) and computers. The type of memory for a prod-
uct, 1n particular, can be different for different functionalities;
for mstance, if 1mage capture functionality 1s desired 1n a
cellular phone, a fast memory (DRAM) may be required.
The packages employed 1n stacked package assemblies
and the manufacturing processes must be configured to
enable both the physical stacking of the packages and the
formation of electrical interconnections between them, using
a chosen process for a chosen structure.

Stacked multi-package assemblies generally fall into two
categories, namely, so-called “Package-on-Package” (PoP)
assemblies, and so-called “Package-in-Package” (PiP)
assemblies.

Examples of 2-stack PoP multi-package modules are
shown for example 1 copending U.S. application Ser. No.
10/681,572, filed Oct. 8, 2003. In one example a first package
(referred to as the “bottom™ package) 1s similar to a standard
BGA, having a die affixed to and electrically connected with
the die attach side (the “upper” side) of a BGA substrate, and
being cavity molded to provide a mold cap covering the die
and electrical connections but leaving a marginal area of the
die attach side of the substrate exposed. The side of the
bottom package substrate opposite the die attach side (the
“lower” side, which may be referred to as the “land” side) 1s
provided with solder balls for second level interconnection of




US 7,645,634 B2

3

the module with underlying circuitry such as, for example, a
motherboard. A second package (referred to as the “top”™
package) 1s stacked on the bottom package and 1s also similar
to a standard BGA, except that the solder balls provided on
the land side of the top package are arranged at the periphery
ol the top package substrate, so that they rest upon intercon-
nection sites at the exposed marginal area of the die attach
side of the bottom package. When the peripherally arranged
balls are contacted with and then reflowed onto the peripher-

ally located interconnect sites at the bottom package, they
eifect the z-interconnection without interference with the

mold cap of the bottom BGA. The top package die and elec-
trical connections are also encapsulated.

The type of z-interconnect employed 1n the PoP module
requires that the top and bottom package substrates be
designed with matching pads for the z-interconnect balls. If
one of the packages 1s exchanged for one in which the sub-
strate has a different pad arrangement (different size or dif-
terent design), then the substrate for the other package must
be reconfigured accordingly. This leads to increased cost for
manufacture of the multi-package module. In the PoP con-
figuration the distance between the top and bottom packages
must be at least as great as the encapsulation height of the
bottom package, which may be 0.25 mm or more, and typi-
cally 1s 1n a range between 0.5 mm and 1.5 mm, depending
upon the number of die and depending upon whether the
die-to-substrate electrical connection 1s by thip chip or by wire
bonds. For example, for a single wire bonded die i the
bottom package a moldcap of 300 um can typically accom-
modate a 75 um thick die. The z-interconnect solder balls
must accordingly be of a suiliciently large diameter that when
they are reflowed they make good contact with the bonding
pads of the bottom BGA, without contact between the land
side of the top package substrate and the upper surface of the
bottom package mold cap; that 1s, the solder ball diameter
must be greater than the encapsulation height by an amount
that allows for solder ball collapse during reflow, plus a tol-
erance for noncoplanarities between balls and substrate. A
typical design difference (additional clearance) between col-
lapsed ball height and bottom mold cap height is about 25 um.
For a moldcap having a thickness about 300 um, for example,
z-interconnect solder balls greater than 300 um must be
employed. A larger ball diameter dictates a larger ball pitch
(typically about 0.65 mm pitch for 300 um balls, for
example). That 1 turn limits the number of balls that can be
fitted 1n the available space in the periphery of the bottom
package substrate. Furthermore the peripheral arrangement
of the solder balls forces the bottom BGA to be significantly
larger than the mold cap of a standard BGA. And the periph-
cral arrangement of the solder balls increases the overall
package size (the size increases according to the number of
ball rows and the ball pitch). In standard BGAs the body size
can be as much as about 2-3 mm larger than the mold cap.
Moreover, the top package 1n a PoP configuration must be
made of comparable size to the bottom one even though 1t
may contain a small chip with many fewer interconnects.
Increasing package footprint, to provide greater area for ball
attachment (additional rows of balls, for example), may
exceed the s1ze limits for the particular application, and 1n any
event entails longer wire bond spans and greater substrate
area, both of which increase the cost of these components.
Increasing the numbers of interconnections between pack-
ages may require that the top package substrate have at least
two metal layers (and often more than two) to facilitate the
routing within the substrate electrical connections. It may in
some applications be impractical in a PoP configuration to
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stack two die i the bottom package, as this causes the bottom
mold cap to be even thicker, exacerbating the problems
described above.

Examples of two-stack PiP modules, having z-intercon-
nection by wire bonds between the upward-facing sides of the

top and bottom package substrates, are disclosed for example
in copending U.S. application Ser. No. 10/632,549, filed Aug.

2, 2003, and copending U.S. application Ser. No. 10/681,3572,
filed Oct. 8, 2003. In the P1P configuration, the top package
may be either oriented in the same direction as the bottom
package (that 1s, with the die attach sides of both package
substrates facing the same direction); or the top package may
be inverted with respect to the bottom package (that 1s, with
the die attach sides of the respective package substrates facing
one another). Second-level interconnect solder balls are pro-
vided on the land side of the bottom package substrate for
connection of the module with underlying circuitry such as,
for example, a motherboard. In configurations where the top
package 1s inverted, the z-interconnection wire bonds connect
wire bond sites at the land side of the top substrate with
peripherally arranged wire bond sites on the die attach side of
the bottom package substrate. Where the top and bottom
packages are oriented the same way, the z-interconnection
wire bonds connect peripherally arranged wire bond sites at
the die attach side of the top substrate with peripherally
arranged wire bond sites at the die attach side of the bottom
package substrate. In both configurations, the top package
must be smaller (narrower and/or shorter by at least 0.5 mm
on each margin that has z-interconnections) than the bottom
package to accommodate the wire bond process.

The PoP module or P1P module 1s completed by overmold-
ing, to entirely cover the top package and the wire bond
interconnects between the packages. Once the module has
been overmolded, no further integration can be made. That 1s,
the designer has no flexibility to reconfigure the assembly at
the product assembly level (that 1s, at the surface mount
assembly floor); and the original equipment manufacturer
cannot mix-and-match various packages from various suppli-
ers to reduce costs.

SUMMARY

This invention 1s directed 1n one general aspect to Stacked
CSP (chip scale package) modules including a molded first
(“top”) chup scale package having a molding side and a sub-
strate side, and a second (“bottom”™) package affixed to the
substrate side of the top chip scale package, the second pack-
age being electrically connected to the first package by wire
bonding between the first and second package substrates. The
invention provides for stacking and electrical interconnection

“z-interconnection”) of chip scale packages and, 1n some
embodiments, for stacking and electrical interconnection (*“z-
interconnection’) of matrix molded and saw-singulated chip
scale packages.

Also, this mvention i1s directed to methods for making a
stacked chip scale module including: providing a first (“top™)
chip scale package including at least one first package die
ailixed to and electrically interconnected with a die attach
side of a first package substrate, the first CSP being molded
and without solder balls; dispensing adhesive on the land side
of the first package substrate; providing a singulated second
(“bottom”) package including at least one second package die
allixed to and electrically interconnected with a die attach
side of a second package substrate, the second package being
molded and without solder balls; affixing the second package
onto the land side of the first package substrate, a surface of
the molding ofthe second package contacting the adhesive on
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the land side of the first package substrate; curing the adhe-
s1ve; performing a plasma clean; forming wire bond 1ntercon-
nections between the land side of the second package sub-
strate and sites 1n a marginal area of the land side of the first
package substrate; performing a plasma clean; performing an
operation to enclose the marginal areas of the land side of the
first substrate, the z-interconnection wire bonds and wire
loops, the edges of the second package, and the marginal area
on the land side of the second package, leaving exposed an
area of the land side of the second substrate located within a
marginal area; attaching second level interconnect solder
balls to sites on the exposed area of the second package
substrate; and (where the first substrate was provided 1n a strip
or array) saw singulating to complete a unit assembly. The
exposed area of the land side of the second (“bottom™) pack-
age substrate provides for second-level interconnection of the
module with underlying circuitry, such as, for example, a
motherboard.

On another general aspect the mvention 1s directed to
stacked CSP assemblies having first and second CSP stacked
packages mverted and mounted onto and electrically inter-
connected with a module substrate. Z-interconnection of the
first CSP package with the second CSP package, and of the
CSP packages with the module substrate, are made by wire
bonds connecting land sides of the respective CSP package
substrates with the package attach side of the module sub-
strate. The assembly 1s encapsulated in such a way that both
the module substrate (at one side of the assembly) and a
portion of the first CSP package substrate (at the opposite side
of the assembly) are exposed, so that second level intercon-
nection and interconnection with additional components may
be made.

In some embodiments the first CSP package side of the
assembly 1s the second level interconnect side; that is, second
level interconnection of the assembly to underlying circuitry
(such as, for example, a motherboard) 1s by solder balls (or
other means of electrical connection) at lands on the exposed
area on the land side of the first CSP substrate. The exposed
land side of the module substrate 1s, accordingly, available for
interconnection with additional components that may be
stacked over the assembly. In further aspects, then, the inven-
tion features a stacked package assembly that has both a
module substrate exposed at one side of the assembly and a
portion of a first CSP package substrate exposed at the oppo-
site side of the assembly, and that includes second level inter-
connection formed at the exposed portion of the CSP package
substrate and interconnection with one or more additional
components at the exposed LGA package substrate. In some
embodiments the additional component includes one or more
of: a ball gnnd array (BGA) package, which may be a stacked
die BGA; or an additional LGA, which may be a stacked die
LGA; or a quad flat package (QFP), which may be a stacked
die quad flat package (SD QFP); or a quad flat nonleaded
(QFN) package or lead frame chip scale package (LFCSP),
which may be a stacked die quad flat package (SD QFN); or
a wire bonded die (or a stack of wire bonded die) which may
be overmolded; or a flip chip die; or an optical sensor pack-
age; or amicro-electro-mechanical sensor (MEMS) package;
and the additional component may additionally include one
or more passive devices. In some embodiments a heat
spreader 1s mounted over the exposed land side of the module
substrate.

In another general aspect of the invention the module sub-
strate side of the assembly 1s the second level interconnect
side; that 1s, second level mterconnection of the assembly to
underlying circuitry (such as, for example, a motherboard) 1s
by solder balls (or other means of electrical connection) at
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lands on the exposed area on the land side of the module
substrate. The exposed land side of the CSP substrate 1s,
accordingly, available for interconnection with additional
components that may be stacked over the assembly. In further
aspects, then, the invention features a stacked package assem-
bly that has both amodule substrate exposed at one side of the
assembly and a portion of a first CSP package substrate
exposed at the opposite side of the assembly, and that includes
second level interconnection formed at the exposed portion of
the module substrate and interconnection with one or more
additional components at the exposed CSP package substrate.
In some embodiments the additional component includes one

or more of: a ball gnnd array (BGA) package, which may be a

stacked die BGA; or an additional LGA, which may be a
stacked die LGA; or a quad flat package (QFP), which may be
a stacked die quad flat package (SD QFP); or a quad flat
nonleaded (QFN) package or lead frame chip scale package
(LFCSP), which may be a stacked die quad flat package (SD
QFN); or a wire bonded die (or a stack of wire bonded die)
which may be overmolded; or a flip chip die; or an optical
sensor package; or a micro-electro-mechanical sensor
(MEMS) package; and the additional component may addi-
tionally include one or more passive devices. In some

embodiments a heat spreader 1s mounted over the exposed
land side of the first CSP package.

In some embodiments at least one of the first and second
CSP packages 1s a stacked die package.

In some embodiments the first (“top™) package 1s matrix
molded and saw-singulated; in some embodiments the first
package 1s cavity molded. In some embodiments the second
(“bottom™) package 1s matrix molded and saw-singulated; 1n
some embodiments the second package 1s cavity molded.

The invention provides for excellent manufacturability,
high design flexibility, and low cost to produce a stacked
package module having a low profile and a small footprint.

The CSPs and other packages are standard 1n the industry,
providing for selection of the lowest cost and the widest
availability. This provides significant flexibility 1n selecting
the packages to be stacked and, therefore, in the kinds of
functions that can be integrated into the assembly.

A typical single wire-bonded die CSP thickness 1s 0.8 mm.
The stacking of a second package on the land side of the
substrate of a CSP according to the invention can be com-
pleted using an adhesive having a finished thickness 1n the
range 10-50 microns. The footprint of the module according
to the invention can be determined according to the maximum
chip size of the stack. The wire bond z-interconnect generally
requires that the bottom CSP be smaller than the second
substrate, by about 0.5 mm to 1.0 mm, to accommodate the
wires without shorting to the substrate metal edges. I the
selected bottom CSP package 1s significantly smaller than the
top substrate, wire bonding can accommodate size difier-
ences at least up to 8 mm or more. For a given selected CSP,
accordingly, this allows for selection of a top substrate having
a significantly larger footprint than the CSP. This provides
significant flexibility for the designer, to choose additional
components to be stacked over the assembly.

Package assemblies according to the invention can be used
for building computers, telecommunications equipment, and
consumer and industrial electronics devices.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagrammatic sketch 1n a sectional view thru a
CSP.
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FIG. 2 1s a diagrammatic sketch 1n a sectional view thru an
embodiment of a semiconductor assembly according to an
aspect of the mvention.

FI1G. 3 1s a diagrammatic sketch 1n a sectional view thru an
embodiment of a semiconductor assembly according to
another aspect of the invention.

FIG. 4 1s a diagrammatic sketch 1n a sectional view thru an
embodiment of a semiconductor assembly according to
another aspect of the invention.

FIG. SA 1s a diagrammatic sketch 1n a plan view showing
the land side of a bottom CSP substrate according to an
embodiment of the invention 1n an arrangement suitable for
use 1n an embodiment of the mvention as shown 1n FIG. 3.

FIG. 5B 1s a diagrammatic sketch 1 a plan view showing
the die attach side, with die attached, of a CSP substrate
according to an embodiment of the invention 1n an arrange-
ment suitable for use 1n an embodiment of the invention as

shown 1n FIG. 3.

FIG. 6 1s a diagram showing steps 1n a process for making,
a semiconductor assembly according to an embodiment of the
ivention.

FI1G. 7 1s a diagrammatic sketch 1n a sectional view thru an
embodiment of a semiconductor assembly according to
another aspect of the ivention.

FIG. 8 1s a diagrammatic sketch 1n a sectional view thru an
embodiment of a semiconductor assembly according to
another aspect of the ivention.

FIG. 9A 1s a diagrammatic sketch 1n a plan view showing
the land side of a module substrate suitable for use 1n an
embodiment of the invention as 1n FIG. 7.

FIG. 9B 1s a diagrammatic sketch 1n a plan view showing
the package attach side of a module substrate suitable for use
in an embodiment of the invention as 1n FIG. 7.

FIGS. 10 and 11 are diagrammatic sketches 1n a sectional
view thru a semiconductor assembly according to embodi-
ments of the invention, each including a BGA stacked over an
assembly as shown 1n FIG. 7.

FIGS. 12 and 13 are diagrammatic sketches 1n a sectional
view thru a semiconductor assembly according to embodi-
ments of the mnvention, each including a LGA stacked over an
assembly as shown in FIG. 7.

FIG. 14 1s a diagrammatic sketch in a sectional view thru a
stacked package assembly according to an embodiment of the
invention, including a SD QFP stacked over an assembly

according to an embodiment of the mnvention as shown in FIG.
7.

FI1G. 15 1s a diagrammatic sketch in a sectional view thru a
stacked package assembly according to an embodiment of the
invention, including a SD QFN/LFCSP stacked over an
assembly according to an embodiment of the invention as
shown 1n FIG. 7.

FI1G. 16 1s a diagrammatic sketch in a sectional view thru a
stacked package assembly according to an embodiment of the
invention, including a wire bonded die stacked over an assem-
bly according to an embodiment of the mnvention as shown in

FIG. 7.

FIG. 17 1s a diagrammatic sketch in a sectional view thru a
stacked package assembly according to an embodiment of the
invention, including a flip chip die stacked over an assembly
according to an embodiment of the mnvention as shown in FIG.

7.

FI1G. 18 1s a diagrammatic sketch in a sectional view thru a
stacked package assembly according to an embodiment of the
invention, mcluding an optical sensor package stacked over
an assembly according to an embodiment of the invention as

shown 1n FIG. 7.
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FIG. 19 1s a diagrammatic sketch 1n a sectional view thru a
stacked package assembly according to an embodiment of the
invention, including a heat spreader stacked over an assembly
according to an embodiment of the mnvention as shown 1n FIG.
7.

FIG. 20 1s a diagrammatic sketch 1n a sectional view thru a
stacked package assembly according to an embodiment of the
invention, including a BGA stacked over an assembly accord-
ing to an embodiment of the invention as shown 1n FIG. 8.

FIG. 21 1s a diagrammatic sketch 1n a sectional view thru a
stacked package assembly according to an embodiment of the
invention, including a tlip chip die mounted over an assembly
according to an embodiment of the invention as shown in FIG.
8.

FIG. 22 15 a diagrammatic sketch 1n a sectional view thru a
stacked package assembly according to an embodiment of the
invention, including passive devices mounted over an assem-
bly according to an embodiment of the invention as shown in
FIG. 8.

FIG. 23 1s a diagrammatic sketch 1n a sectional view thru a
stacked package assembly according to an embodiment of the
invention, mcluding a SD QFP stacked over an assembly
according to an embodiment of the invention as shown in FIG.
8.

FIG. 24 1s a diagrammatic sketch 1n a sectional view thru a
stacked package assembly according to an embodiment of the
invention, including a wire bonded die stacked over an assem-
bly according to an embodiment of the invention as shown in
FIG. 8.

FIG. 25 1s a diagrammatic sketch 1n a sectional view thru a
stacked package assembly according to an embodiment o the
invention, including a SD QFN/LFCSP stacked over an
assembly according to an embodiment of the invention as
shown 1n FIG. 8.

FIG. 26 1s a diagrammatic sketch 1n a sectional view thru a
stacked package assembly according to an embodiment of the
invention, including an optical sensor package stacked over
an assembly according to an embodiment of the invention as
shown in FIG. 8.

FIG. 27 1s a diagrammatic sketch in a sectional view thru a
stacked package assembly according to an embodiment of the
invention, including an optical sensor die mounted on an
assembly according to an embodiment of the invention as
shown 1n FIG. 8.

FIG. 28 15 a diagram showing steps 1n a process for making
a semiconductor assembly according to an embodiment of the
invention.

DETAILED DESCRIPTION

The mvention will now be described 1n further detail by
reference to the drawings, which 1illustrate alternative
embodiments of the invention. The drawings are diagram-
matic, showing features of the imnvention and their relation to
other features and structures, and are not made to scale. For
improved clarity of presentation, 1 the FIGs. illustrating
embodiments of the invention, elements corresponding to
clements shown 1n other drawings are not all particularly
relabeled, although they are all readily 1dentifiable 1n all the
FIGs.

At some points herein, terms of relative orientation, such as
“horizontal”, “vertical”, “on”, “over”, “under”, “above”,
“below”, “top”, “bottom”, “upper”, “lower”, and the like,
may be used with reference to the relative orientation of
features as shown 1n the drawings. As will be appreciated, the
various assemblies according to the mvention may 1n use or

during processing be held 1n any orientation.
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All patents and patent applications referred to herein,
above or below, are incorporated by reference.

Turning now to FIG. 1, there 1s shown 1n a diagrammatic

sectional view generally at 1 a chip scale package, matrix

molded and saw singulated, without solder balls. The CSP 1

shown 1n FIG. 1 includes a die 114 attached onto a substrate
112 having at least one metal layer. Any of various substrate
types may be used, including for example: alaminate with 2-6
metal layers, or a build up substrate with 4-8 metal layers, or
a flexible polyimide tape with 1-2 metal layers, or a ceramic
multilayer substrate. The substrate 112 shown by way of
example 1n FIG. 1 has two metal layers 121, 123, each pat-
terned to provide appropriate circuitry and connected by way
of vias 122. The die 1s conventionally attached to a surface of
the substrate using an adhesive, typically referred to as the die
attach epoxy, shown at 113 in FIG. 1 and, 1n the configuration
in FIG. 1, the side of the substrate onto which the die 1s
attached (the “die attach” side) may be referred to as the
“upper” side, and the metal layer on that side may be referred
to as the “upper” metal layer, although the die attach side need
not have any particular orientation 1n use.

In the CSP package of FIG. 1 the die 1s wire bonded onto
wire bond sites on the upper metal layer of the substrate to
establish electrical connections. The die 114 and the wire
bonds 116 are encapsulated, in this example by matrix mold-
ing and saw singulation, with a molding compound 117 that
provides protection from ambient and from mechanical stress
to facilitate handling operations. Bonding pads 119 are pro-
vided on the lower metal layer 123 ofthe substrate 112, which
may be employed for testing the package, or for second level
interconnection of the package to other features or to the
underlying circuitry of, for example, a motherboard (not
shown inthe FIGs.). Solder masks 115, 127 are patterned over
the metal layers 121, 123 to expose the underlying metal at
bonding sites for electrical connection, for example the wire
bond sites and bonding pads for bonding the wire bonds 116
and other features, or solder balls for second-level intercon-
nection.

Second level interconnect ball pads 119 provide for attach-
ment of the CSP to underlying circuitry, such as a mother-

board.

FIG. 2 1s a diagrammatic sectional view showing a stacked
CSP module according to the invention, generally at 2. Here
a “bottom™ CSP 120 1s a stacked die CSP, having die 114 and
144 atfixed onto a die attach side of a CSP substrate 112, using
adhesives to attach the first die to the substrate and to attach
the second die to the first die. The die are electrically inter-
connected to the substrate by wire binds 116, 146. The die
114, 144 and the wire bonds 116, 146 are encapsulated, by
matrix molding and saw singulation, with a molding com-
pound 117 that provides protection from ambient and from
mechanical stress to facilitate handling operations, and pro-
vides a bottom package upper surface 229 onto which the
second (“top””) package can be stacked.

Referring still to FIG. 2, the second (“top™) package 1s a
similarly constructed matrix molded and saw singulated CSP
10 including a substrate 12 having a first side and a second
side, and at least one metal layer, and die 244 and 214 stacked
upon and wire bonded to substrate 12. The substrate 12 shown
by way of example 1n FIG. 2 has two metal layers 21, 23, each
patterned to provide approprate circuitry and connected by
way of vias 22. The side of the second substrate that faces the
first package 1s the assembly 1s referred to as the “land” side.

In the second package substrate 12 1n the embodiment of
FIG. 2 solder masks 15, 27 are patterned over the metal layers
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21, 23 to expose the underlying metal at bonding sites for
clectrical connection, for example the wire bond sites for
bonding the wire bonds 118.

The z-interconnect between the top package 10 and the
bottom package 120 1s made by way of wire bonds 218
connecting traces on the downward facing metal layer (the
metal layer 21) of the top substrate with traces on the lower
metal layer 123 of the bottom package substrate. At one end
cach wire bond 118 is electrically connected to downward
facing surfaces of pads on the metal layer 21 of the top
substrate 12, and at the other end each wire bond 1s connected
to lower surfaces of pads on the lower metal layer 123 of the
bottom package substrate 112. The wire bonds may be
formed by any wire bonding technique, well known 1n the art,
such as 1s described, for example, in U.S. Pat. No. 5,226,582,
which 1s hereby incorporated by reference herein. The pack-
age-to-package z-interconnect wire bonds are shown by way
of example 1n FIG. 2 as having been made by forming a bead
or bump on the surface of a pad on the lower metal layer of the
top substrate, and then drawing the wire toward, and fusing 1t
onto, a pad on the lower metal layer of the bottom substrate.
As will be appreciated, the wire bonds can be made 1n the
iverse direction, that 1s, by forming a bead or bump on the
lower surface of a pad on the lower metal layer of the bottom
substrate, and then drawing the wire toward, and fusing it
onto, a pad on the metal layer of the top substrate. As will be
appreciated, selection of a wire bonding strategy for the pack-
age-to-package z-interconnection will be determined accord-
ing to the geometric arrangements of the margins of the
stacked substrates and of the bonding surfaces on them. Also,
as will be appreciated, 1n conventional wire bonding equip-
ment the wire bond capillary strikes downward onto
upwardly oriented bond pads and, accordingly, the assembly
will be inverted according to the invention for the wire bond-
ing procedure at least.

As pointed out above, the top package substrate 1s larger
than the surface of the first package mold cap on which it 1s
mounted, leaving an area at the periphery of the first side of
the top package substrate on which the bond pads are exposed
for the wire bonds 118. The top substrate 1s (typically later)
punch- or saw-singulated.

The bottom package, 1s (1n the example shown 1n FIG. 2)
matrix molded and saw singulated (to provide vertical walls
for the molding, as shown 1n FI1G. 2), so that the die attach side
of the bottom package substrate 1s covered by the molding.
Bond pads 1n the upper metal layer at the die attach side of the
bottom package substrate are connected to the die by wire
bonds, and the upper metal layer 1s connected to the lower
metal layer at the land side of the bottom package substrate
through vias to the die attach side of the substrate, and the
lower metal layer at the land side of the bottom package
substrate 1s patterned to provide peripherally arranged bond
pads for connection with the z-interconnection wires 118.

i

T'he structure according to the invention allows for pre-
testing of the CSPs before assembly into the assembly, to
permit rejection of nonconforming packages prior to assem-
bly, and thereby to assure high final module test yields.

In the stacked package embodiment of FIG. 2, the z-inter-
connect pads on the respective package substrates are
arranged on metal layers near the margins of the package
substrates. The location and order of the z-interconnect pads
are generally arranged so that the z-interconnect pads on the
top package substrate approximately overlie the correspond-
ing z-interconnect pads on the bottom package when the
packages are stacked. Conveniently, the top substrate 10 has
a larger substrate footprint than that of the bottom package
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120, to allow clearance for the wire bonds without electrical
shorting to the edges of the metal layers of the substrates.

Once the z-interconnect wire bonds have been formed con-
necting the stacked first package and the second substrate, an
assembly encapsulation 207 1s formed, to enclose and protect
the z-interconnect wire bonds and to provide mechanical
integrity to the completed assembly. The assembly encapsu-
lation 207 covers the marginal area of the downward-facing
land side of the top package substrate, and encloses the z-1n-
terconnection wire bonds and wire loops and the vertical
walls and edges of the bottom package, and covers the mar-
ginal area of the land side of the bottom package substrate
including the wire loops and the wire bond pads to which the
wire bonds are connected. This leaves an area of the land side
of the bottom package substrate exposed for second-level
interconnection. Referring to FIG. 2, solder balls 318 are
reflowed onto bonding pads 119 on the exposed area of the
lower metal layer of the substrate to provide interconnection
to underlying circuitry of, for example, a motherboard (not
shown 1n the FIGS.) of a final product, such as a computer.

As shown by way of example 1n FIG. 2 the module may
itsell be saw-singulated; alternatively, the module may be
individually molded rather than saw-singulated.

As may be appreciated, the CSP packages may have tlip
chip, rather than wire bonding, interconnection of the die to
the first package substrate.

FIGS. 5A and 5B are diagrammatic sketches 1n plan view
showing the land side and the die attach side, respectively, of
a suitable first package substrate as illustrated at 112 1n FIG.
2. Referring to FI1G. SA, most of the surface of the land side 1s
covered by the solder mask, which obscures the patterned
metal layer beneath except where sites on the metal layer are
revealed by openings in the solder mask. Openings 1n the
solder mask reveal sites in the patterned metal layer at the land
side of the substrate, including ball pads (e.g., 53) arrayed 1n
a middle region of the substrate surface, and bond fingers
(e.g.,56), arranged 1n a marginal area near the edge 52 of the
substrate. Obscured by the solder mask are traces (e.g., 523)
in the metal layer which variously connect the ball pads 53
and the bond fingers 56, and/or connect ball pads 53 with vias
(e.g., 522) which electrically connect traces 1n the patterned
metal layer at the land side of the substrate with traces in the
patterned metal layer at the die attach side of the substrate.

As described above, the assembly encapsulation covers the
bond pads 56 and the wire loops formed at the pads 56; the
encapsulation 1s limited at the land side of the substrate to a
marginal area, indicated in FIG. 5A by the broken line 38, so
the region of the land side of the first package substrate
bounded by the marginal encapsulation, that 1s, within the
broken line 58, 1s left exposed following formation of the
assembly molding. Accordingly, the ball pads 33 are available
for attachment, for example, of solder balls for z-level 1nter-
connection of the assembly to underlying circuitry (as 1llus-
trated for example 1n FIG. 3). The ball pads 53 are addition-
ally available as test probe sites for testing the package prior
to assembly, or for testing the package assembly, 11 desired,
prior to mounting the second level interconnect solder balls.
The encapsulated marginal area has a width (MW 1n FI1G. 5A)
determined by the sum of the lengths of the bond fingers, the
length of the trace to the bond finger, and the width of the saw
street. Additionally, some mold flash may appear on the sub-
strate surface at the mner edge of the margin (at the broken
line 38 1n FIG. 5A). Where the substrate i1s provided as one 1n
a strip or array, some substrate material at the edge 1s lost to
the saw width during saw singulation of the first package.
Typically the bond finger length 1s about 250 um, the finger
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trace length 1s about 50 um, and an allowance for mold resin
bleed can be about 500 um. The saw typically consumes about
50 um.

As a practical matter the number and arrangement of the
ball pads 33 depend upon the nominal ball diameter, as the
balls must not contact each other, or be too close together,
when collapsed. Also as a practical matter the size and prox-
imity of the ball pads 33 are limited by limits of resolution 1n
fabricating the traces and, particularly, the solder mask open-
ings. In a typical example the ball pads are generally circular
with a diameter about 280 um, and are arranged 1n a square or
rectangular array at a center-to-center distance about 300 um.
(The distance between nearest edges of adjacent solder mask
openings 1s typically not less than about 0.20 times the center-
to-center distance.)

The die attach side of the first package substrate, with die
attached, 1s 1llustrated 1in FIG. 5B. The first die 114 1s atfixed,
active side upward, onto the die attach side of the substrate. In
this example, the die has four edges defining a square. Wire
bond pads 51 are arranged in rows near the four edges of the
die. As on the land side of the substrate, most of the surface of
the die attach side 1s covered by a solder mask, except where
sites on the metal layer are revealed by openings 1n the solder
mask, including particularly rows (one row along each edge
of the die, 1n this example) of bond fingers (e.g., 54). Wires
116 connect the die pads 51 with the bond fingers 54.
Obscured by the solder mask are traces (e.g., 521) 1n the metal
layer connecting bond fingers 54 to vias (e.g., 522) which
clectrically connect traces 1n the patterned metal layer at the
die attach side of the substrate with traces 1n the patterned
metal layer at the land side. Accordingly, the first package die
1s connected by way of the wires to traces 1n the metal layer on
the die attach side of the first package substrate, and by way of
vias to traces and to z-interconnect wire bond fingers 1n the
metal layer on the land side. The z-interconnect wires connect
the bond fingers on the land side of the first package substrate
to bond fingers on the die attach side of the second package
substrate. The footprint of the second die 144 1s indicated 1n

FIG. 5B by the broken line 544.

The substrate of the top package 10 can be similar to that
shown 1n FIGS. SA and 5B.

As FIG. 3 shows, the bottom stacked die and substrate need
not be encapsulated. Where the bottom package die are wire
bonded to the substrate, a spacer must be provided to prevent
interference of the top substrate with the wire bonds of the
bottom die.

As F1G. 4 shows, one of the bottom of top package, or both
the bottom and top packages (as shown 1n the FIG.) can be
cavity molded rather than matrix molded and saw singulated.

As suggested 1n the FIGs., the second package substrate
necessarily has a larger footprint than the first package sub-
strate, to accommodate the z-interconnection between the
package substrates. In the examples shown, z-interconnects
are arranged along all four edges of the packages and, accord-
ingly, the second package 1s both wider and longer than the
first package. As may be appreciated, in some assemblies
according to the mvention, z-interconnection may be made
between bond fingers on fewer than all four edges, as for
example along only one edge, or along two opposite edges. In
such embodiments (unless a larger die 1n the second substrate
requires a larger footprint), the second package need be larger
(longer or wider) than the first package only 1n one direction.

The first and second packages may have any of a variety of

functionalities. For example, the CSP package can be a DSP,
ASIC, GPU; and the LGA package can be a memory, such as

Flash, DRAM, SRAM.
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The processor chip 1n a flip chip bottom package according,
to this aspect of the imvention can be, for example, an ASIC,
or a GPU, or a CPU, often an ASIC; and the top package can
be, for example, a processor chip or, for example, a memory
package or an ASIC package. Where the top package 15 a
memory package 1t can be a stacked die memory package. A
shielded tlip chip die-up bottom package can be particularly
suitable for higher speed applications, particularly for RF
frequency processing, as in mobile communications applica-
tions.

The first package may have any of a variety of functional-
ities. For example, the CSP package can be a DSP, ASIC,
GPU; or, the CSP package can be a memory, such as Flash,
DRAM, SRAM.

The processor chip 1n a flip chip bottom package according,
to this aspect of the invention can be, for example, an ASIC,
or a GPU, or a CPU, often an ASIC. Where the bottom
package 1s a memory package 1t can be a stacked die memory
package. A shielded tlip chip die-up bottom package can be
particularly suitable for higher speed applications, particu-
larly for RF frequency processing, as in mobile communica-
tions applications.

FIG. 6 1s a flow diagram showing steps 1n a process for
making an assembly as in FIG. 2. In a step 602, a “first” CSP
1s provided, usually as an unsingulated strip of “first” CSPs.
In a step 604 an adhesive 1s dispensed (e.g., printed, or pro-
vided as an adhesive film) onto the exposed land side of the
“first” CSP substrate. In a step 606 a “second” CSP 1s pro-
vided, and 1 a step 608, using a pick-and-place tool the
“second” CSP 1s affixed onto the “first” CSP. As will be
appreciated, the adhesive may alternatively be dispensed onto
the molding or encapsulation surface of the “second” CSP
rather than on the land side of the “first” CSP substrate. In a
step 610, the adhesive 1s atleast partly cured, and 1n a step 612
a plasma clean removes accumulated debris and contamina-
tion from the previous operations, to prepare bonding sur-
faces for wire bonding, which 1s carried out 1n a step 614 to
provide z-interconnection between bond fingers on the land
sides of the first and second CSP substrates. This 1s followed
in a step 616 by a turther plasma clean, to provide uncontami-
nated surfaces for the molding or encapsulation, which 1s
carried out 1n a step 618. Then second-level interconnect
solder balls are reflowed onto the ball pads on the exposed
part of the land side of the first CSP substrate, and the pack-
ages are singulated by sawing or punching, 1n steps 620, 622.

FIGS. 7 and 8 illustrate examples ol CSP package modules
having stacked CSPs and substrates exposed on both sides of
the module, for interconnection of additional devices or for
second-level mterconnection to underlying circuitry.

In the modules according to the invention, a “first” CSP 10
1s mounted onto a package attach side of the module substrate
712, and a “second” CSP 120 1s mounted onto the surface of
the molding or encapsulation on the “first” CSP package. The
“second” package 1s electrically connected to the “first™ pack-
age by wire bonds connecting bond fingers on the margins of
the land sides of the respective CSP package substrates; and/
or the “second” package 1s connected to the module substrate
by wire bonds connecting bond fingers on the margin of the
land side of the “second” CSP package substrate with bond
fingers or bond pads on the package attach side of the module
substrate; and/or the “first” CSP package is electrically con-
nected with the module substrate by wire bonds connecting,
bond fingers on the margin of the land side of the “first” CSP
package substrate with bond fingers or bond pads on the
package attach side of the module substrate.

Referring to FIG. 7, once the z-interconnect wire bonds
have been formed connecting the stacked first and second
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packages, an assembly encapsulation 707 1s formed, to
enclose and protect the z-interconnect wire bonds and to
provide mechanical integrity to the completed module. The
assembly encapsulation 707 covers the marginal area of the
package attach side of the module substrate, and encloses the
z-interconnection wire bonds and wire loops and the vertical
walls and edges of the “first” and “second” CSP packages,
and covers the marginal area of the land side of the “second”
package substrate including the wire loops and the wire bond
pads to which the wire bonds are connected. This leaves an
area of the land side of the *“second” package substrate
exposed for second-level interconnection. Stated another
way, a cavity 1s formed 1n the assembly encapsulation on the
second package side, leaving an inboard area of the land side
of the second package substrate exposed (unencapsulated).
Reterring to FIG. 7, solder balls 818 are reflowed onto bond-
ing pads 119 on the lower metal layer of the substrate within
the cavity in the encapsulation to provide interconnection to
underlying circuitry of, for example, a motherboard (not
shown in the FIGS.) of a final product, such as a computer. As
described in further detail below, additional packages or die
can be mounted upon and electrically connected with the land
side of the module substrate.

As shown by way of example in the FIGs., the module
assembly may itself be saw-singulated, or, alternatively, the
module assembly may be individually molded rather than
saw-singulated.

As may be appreciated, either or both the first and second
packages may have tlip chip, rather than wire bonding, inter-
connection of the die to the respective package substrates.

Either the first package or the second package, or both
packages, may be a stacked die package.

In an alternative embodiment, the exposed side of the mod-
ule substrate 712 provides for second-level interconnection.
By way of example, the embodiment shown 1n FIG. 8 has
second level interconnect solder balls 718 mounted onto pads
719 on the exposed metal layer, for connection of the assem-
bly to underlying circuitry such as a motherboard. In embodi-
ments such as these, the exposed portion of the “second”
package substrate 1s available for stacking additional compo-
nents such as packages, die, or passive devices. In such
embodiments, a greater area 1s available on the land side of
the second package substrate for second-level interconnects;
on the other hand, the exposed portion of the second package
substrate has a more limited area than the module substrate,
limiting the number of interconnections that can be made at
the second package side. Moreover, the part of the assembly
molding 707 that covers the marginal area of the land side of
the second package substrate must be thick enough to accom-
modate the loop height of the z-interconnection wire bonds
(plus a tolerance). Typically the thickness of the molding at
the wire loops 1s 1n the range about 50 um to about 200 um.
Where reverse wire bonding 1s employed, so that an end of the
wire loop 1s stitched onto the pads on the land side of the first
package, the wire loop height 1n practice may be as little as
about 35 um and, accordingly, a molding thickness over the
marginal area of as little as about 100 um can be achieved in
such embodiments. A greater mold height will be required
where forward wire bonding 1s employed, as the wire loop
height over a ball (or bump) as more usually about 100 um or
greater using currently available wire bonding techniques
forming wire having about 1 mil thickness.

This 1n effect raises a low wall around the exposed region
of the first package substrate, and this can limit the dimen-
s1ons and configuration of devices that may be stacked upon
the land side of the first package substrate. Embodiments as
shown for example in FIG. 7, 1n which the second level
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interconnection 1s made at the exposed region of the land side
of the second package substrate, permit stacking of much
larger additional components over the assembly, as shown 1n
FIGS. 11 and 13, for example.

Embodiments as shown for example in FI1G. 8, in which the
second level interconnection 1s made at the land side of the
module substrate, are shown in FIGS. 20 and 21, for example.
As described m further detail below, one or more additional
components can be mounted upon and electrically connected
with, the land side of the second package substrate within the
cavity in the encapsulation.

FIGS. 9A and 9B are diagrammatic sketches 1n plan view
showing the land side and the package attach side, respec-
tively, of a suitable module substrate as illustrated at 712 in
FIGS. 7 and 8. Referring to FIG. 9A, most of the surface of the
land side 1s covered by the solder mask, which obscures the
patterned metal layer beneath except where sites on the metal
layer are revealed by openmings 1n the solder mask. Openings
in the solder mask reveal sites 1n the patterned metal layer at
the land side of the substrate, including particularly ball pads
(e.g., 93) arrayed 1n a middle region of the substrate surface.
Obscured by the solder mask are traces (e.g., 923 ) in the metal
layer which variously connect the ball pads 53 with vias (e.g.,
922) which electrically connect traces 1n the patterned metal
layer at the land side of the substrate with traces in the pat-
terned metal layer at the package attach side of the substrate.

As a practical matter the number and arrangement of the
ball pads 53 depend upon the nominal ball diameter, as the
balls must not contact each other, or be too close together,
when collapsed. Also as a practical matter the size and prox-
imity of the ball pads 53 are limited by limits of resolution 1n
fabricating the traces and, particularly, the solder mask open-
ings. In a typical example the ball pads are generally circular
with a diameter about 280 um, and are arranged 1n a square or
rectangular array at a center-to-center distance about 500 um.
(The distance between nearest edges of adjacent solder mask
openings 1s typically not less than about 0.20 times the center-
to-center distance.)

The package attach side of the first package substrate 1s
illustrated 1n FI1G. 9B. The “first” CSP package (not shown in
this view) 1s aflixed onto the package attach side of the sub-
strate. In this example, the package has four edges defining a
square; the footprint 1s shown by the broken line 98. Wire
bond pads 96 are arranged 1n rows near the four edges of the
package footprint. As on the land side of the substrate, most of
the surface of the die attach side 1s covered by a solder mask,
except where sites on the metal layer are revealed by openings
in the solder mask. Obscured by the solder mask are traces 1n
the metal layer connecting the bond pads 96 to vias which
clectrically connect traces 1n the patterned metal layer at the
package attach side of the module substrate with traces 1n the
patterned metal layer at the land side. Accordingly, the “first™
CSP package 1s connected by way of the wires to traces in the
metal layer on the package attach side of the module sub-
strate, and by way of vias to traces and to z-interconnect wire
bond fingers 1n the metal layer on the land side.

Accordingly, in some configurations according to the
invention, one or more additional features or devices such as
a package, or a die, or a passive component, 1s attached to the
assembly on an available (exposed) substrate surface.

In some embodiments the additional package 1s attached to
the assembly on the exposed land side of the module sub-
strate. In such embodiments the assembly as shown for
example i FIG. 7 or 8 can provide a usetul platform upon
which to stack components having additional functionalities,
as shown for example i FIGS. 10 through 19. Because the

second package substrate 1s fully exposed, 1t can accommo-
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date any of a variety of component (die or package) configu-
rations and sizes, and all that 1s required for compatibility of
the assembly with the components 1s that the traces on the
exposed second package substrate be suitably routed to
accept the additional component.

For example, as shown 1n FIGS. 10 and 11 a ball grid array
(BGA) package can be mounted over an assembly con-
structed as described above with reference to FIG. 7. In FIG.
10, a BGA package 1010 having interconnect solder balls
1018 1s aligned with and mounted upon the land side of a
module substrate 712, and the solder balls are reflowed onto
ball pads 1n the metal layer on the land side of the substrate
712 to form a module 1000. Here the BGA footprint is smaller
than that of the assembly; in the module 1100 shown 1n FIG.
11, the footprint of the BGA 1s larger than that of the assem-
bly, and the ball array has more interconnect solder balls,
which accordingly occupy more ball pads on the module
substrate 712. Also, 1n the example of FIG. 11, the BGA 1s a
stacked die package, while 1n FIG. 10 the BGA 1s a single die

package.
And for example, as shown 1 FIGS. 12 and 13 an addi-

tional land grid array (LGA) package can be mounted over an
assembly constructed as described above with reference to
FIG. 7. In FIG. 12, a LGA package 1210 having land inter-
connects 1218 1s aligned with and mounted upon the land side
of a module substrate 712, and the land interconnects are
reflowed onto pads in the metal layer on the land side of the
substrate to form a module 1200. Here the LGA footprint 1s
smaller than that of the assembly; 1n the module 1300 shown
in FI1G. 13, the footprint of the LGA 1320 1s larger than that of
the assembly, and the array has more land interconnects,

which accordingly occupy more pads on the package sub-
strate 712. Also, 1n the example of FIG. 13, the LGA 1s a

stacked die package, while in FIG. 12 the LGA 15 a single die
package.

A configuration having a larger additional package
mounted over the stacked package assembly as shown in
FIGS. 12 and 13 may, for example, include processors in the
first and second packages, and a memory package as the
additional package 1210 or 1320. The footprints of the
respective CSPs 100 1n the assembly are determined princi-
pally by the dimensions of the die 1n the respective packages,
and this generally relates to the functionality of the die. ASICs
may be comparatively very small, for example, and different
processors may be of significantly different sizes. Memory
die, on the other hand, may be comparatively large. A digital
signal processor (DSP) package, for example, has a footprint
typically 1n the range 12x12 mm to 16x16 mm. A memory
package, on the other hand, for example, typically has a
footprint in the range 8x10 mm to 18x18 mm. Accordingly, 1f
the assembly as 1n FIG. 7 includes a DSP 1n the first or the
second DSP of the assembly, establishing a footprint of
16x16 mm for the assembly, the manufacturer may according
to the specifications of the customer select either a smaller
LGA memory package (e.g. 1210 1n FIG. 12, giving a module
1200) or a larger LGA memory package (e.g. 1320 1n FIG. 13,
giving a module 1300). Thus, for embodiments as 1n FIGS.
10,11,12, 13, the manufacturer can mix-and-match assembly
platforms with selected memory BGAs or LGAs according to
function (memory capacity and speed; memory type) and
according to costs from various suppliers.

Other additional components or devices can be mounted
over the assembly, requiring only that the land side of the
second package substrate be suitably routed to accept electri-
cal interconnections from the component. FIG. 14 shows a
module 1400 having a stacked die quad flat package 1410,
accompanied by passive devices 1406, mounted over a




US 7,645,634 B2

17

stacked package assembly constructed generally as in FIG. 7.
FIG. 15 shows a module 1500 having a stacked die quad tlat
nonleaded lead frame chip scale package 1510, accompanied
by passive devices 1506, mounted over a stacked package
assembly constructed generally as 1n FI1G. 7. FIG. 16 shows a
module 1600 having a wire bonded die 1610, accompanied by
passive devices 1606, mounted over a stacked package
assembly constructed generally as in FI1G. 7; the die and wires
are covered by a so-called “glop top™ encapsulation, formed
by syringe dispensing an encapsulating resin. FIG. 17 shows
a module 1700 having a tlip chip mounted die 1710, accom-
panied by passive devices 1706, mounted over a stacked
package assembly constructed generally as in FIG. 7; an
underfill protects the flip chip interconnects. F1G. 18 shows a
module 1800 having an optical sensor package 1810, which
may be an 1mage forming device, accompanied by passive
devices 1806, mounted over a stacked package assembly
constructed generally as 1 FIG. 7; light passes through a
transparent cover or lens 1802 as indicated by arrows 1820 to
reach the active side of the wire-bonded light sensor die.

FIG. 19 shows an assembly 1900, including a stacked
package assembly generally as shown in FIG. 7, having a heat
spreader 1910 mounted upon the land side of the second
package substrate.

In other embodiments the additional package 1s attached to
the assembly on the exposed area of the land side of the first
package substrate, in the cavity in the assembly encapsula-
tion. In these embodiments the assembly as shown 1n FIG. 8,
can provide a useful platform upon which to stack compo-
nents having additional functionalities, as shown for example
in FIGS. 20 through 27. In embodiments employing the plat-
form of FIG. 8, the traces on the first package substrate must
suitably routed to accept the additional component.

For example, as shown 1n FIG. 20 a ball grid array (BGA)
package can be mounted over an assembly constructed as
described above with reference to FI1G. 8. In FIG. 20, a BGA
package 1610 having interconnect solder balls 1618 1s
aligned with and mounted upon the exposed area of the land
side of a second CSP package 120 substrate 112, and the
solder balls are reflowed onto ball pads 1n the metal layer 123
to form a module 2000. And for example, as shown 1n FIG. 21
an additional die can be mounted and electrically connected
in a flip chip manner over an assembly constructed as
described above with reference to FIG. 8. In FIG. 21, a flip
chip 1710 1s aligned with and mounted 1n the cavity upon the
exposed area of the land side of a second CSP package 120
substrate 112, and the solder balls are reflowed onto ball pads
in the metal layer 123 to form a module 2100. And for
example, as shown in FI1G. 22 passive devices can be mounted
and electrically connected over an assembly constructed as
described above with reference to FIG. 8. In FIG. 22, passive
devices 2282 are mounted 1n the cavity upon the exposed area
of the land side of a second CSP package 120 substrate 112,
and the solder balls are reflowed onto ball pads 1n the metal
layer 123 to form a module 2200. And for example, as shown
in FI1G. 23 a stacked die quad flat package can be mounted and
clectrically connected over an assembly constructed as
described above with reference to FIG. 8. In FIG. 23, stacked
die quad flat package 1410 1s mounted 1n the cavity upon the
exposed area of the land side of a second CSP package 120
substrate 112, and the solder balls are reflowed onto ball pads
in the metal layer 123 to form a module 2300. And for
example, as shown in FIG. 24 an additional die can be
mounted and electrically connected by wire bonding over an
assembly constructed as described above with reference to
FIG. 8. In FIG. 24, a die 1610 1s mounted active side upward
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CSP package 120 substrate 112, and the solder balls are
reflowed onto ball pads in the metal layer 123 to form a
module 2400. And for example, as shown 1n FIG. 25 a stacked
die quad tlat nonleaded lead frame chip scale package 1510 1s
mounted over a stacked package assembly constructed gen-
crally as in FIG. 8. In FIG. 25, stacked die quad flat nonleaded
lead frame CSP 1510 i1s mounted in the cavity upon the
exposed area of the land side of a second CSP package 120
substrate 112, and the solder balls are reflowed onto ball pads
in the metal layer 123 to form a module 2500. And for
example, as shown 1n FIG. 26 an optical sensor package 1810,
which may be an 1image forming device, 1s mounted over a
stacked package assembly constructed generally as in FIG. 8.
In FIG. 26 optical sensor package 1810 1s mounted 1n the
cavity upon the exposed area of the land side of a second CSP
package 120 substrate 112, and the solder balls are reflowed
onto ball pads 1n the metal layer 123 to form a module 2600.
Light passes through a transparent cover or lens 1802 as
indicated by arrows 1820 to reach the active side of the
wire-bonded light sensor die. And for example, as shown in
FIG. 27, an optical sensor die, which may be an 1image form-
ing device, 1s mounted over a stacked package assembly
constructed generally as in FIG. 8. In FIG. 27 the die 1s
connected by wire bonds to pads 123 to form a module 2700.
A transparent cover or lens 2702 1s supported by a frame 2704
mounted upon the assembly encapsulation 707. Light passes
through the transparent cover or lens 2702 as indicated by
arrows 2720 to reach the active side of the wire-bonded light
sensor die.

Steps 1n a process for making an assembly as in FIG. 7 or
FIG. 8 are shown as a flow diagram 1n FIG. 28. In a step 2802
a module substrate 1s provided, usually as a strip or matrix of
unsingulated substrates. In a step 2804 a first CSP 1s provided,
and 1n a step 2806 the first package 1s mounted onto the
package attach side of the module substrate, using an adhe-
stve which may be applied to the first CSP or to the module
substrate, as described above with reference to FIG. 6. In a
step 2808 a second CSP 1s provided, and 1n a step 2810 the
first package 1s mounted onto the first package, using an
adhesive which may be applied to the first or the second
package. Adhesive cure and plasma clean (2812) may be
carried out following the m\attachment of either the first or
the second package. Wire bond interconnection (2814) of the
first package to the second package and/or to the module
substrate may be carried out following the respective package
attachment procedures. The wire bonding 1s followed by a
turther plasma clean (2816), and the package 1s molded or
encapsulated, and solder balls are reflowed onto the land side
of the module substrate, steps 2818 and 2820. The individual
modules are singulated by sawing or punching.

As will be appreciated, individual ones of the various steps
in the processes according to the invention can be carried out,
according to the methods described herein, using substan-
tially conventional techniques, with straightforward modifi-
cation, as described herein, of conventional fabrication facili-
ties. Such vanation of conventional techniques and
modification of conventional fabrication apparatus as may be
required can be accomplished using the description herein
without undue experimentation.

Other embodiments are within the following claims.

What 1s claimed 1s:

1. A method for making a stacked package module, com-
prising

providing a first chip scale package including at least one

first package die affixed to and electrically intercon-
nected with a die attach side of a first package substrate,
the first CSP being molded and without solder balls;
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providing a singulated second package including at least
one second package die affixed to and electrically inter-
connected with a die attach side of a second package
substrate, the second package being molded and without
solder balls:

aflixing the second package onto a land side of the first
package substrate, employing an adhesive between a
surface of a molding of the second package and the land
side of the first package substrate;

forming wire bond iterconnections between the land side
of the second package substrate and sites 1n a marginal
area of the land side of the first package substrate; and

performing an operation to enclose the marginal areas of
the land side of the first substrate, the z-interconnection
wire bonds and wire loops, the edges of the second
package, and the marginal area on the land side of the
second package, leaving exposed an area of the land side
of the second substrate located within a marginal area.

2. The method of claim 1, wherein employing an adhesive
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comprises dispensing adhesive on the land side of the first 20

package substrate.
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3. The method of claim 1, wherein employing an adhesive
comprises dispensing adhesive on the second package mold-
ng.

4. The method of claim 1, further comprising at least par-
tially curing the adhesive.

5. The method of claim 1, further comprising fully curing
the adhesive.

6. The method of claim 1, further comprising attaching
second level interconnect solder balls to sites on the exposed
area of the second package substrate.

7. The method of claim 1, wherein providing the first
package comprises providing a strip of first packages, and
turther comprising saw singulating to complete a unit assem-
bly.

8. The method of claim 1, wherein providing the first
package comprises providing a strip of first packages, and
further comprising punch singulating to complete a unit
assembly.
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